
Spray Drying of Milk: 
Principles, Shelf Life, and 
Energy Consumption
Explore the transformation of liquid milk into stable, long-lasting 

powder through spray drying. We'll cover the process, its impact on 

shelf life, and energy considerations.



Materials and Equipment

Equipment

• Spray Dryer

• Heatable magnetic stirrer

• Beaker and stirrer

Ingredients

• Milk (0.1% fat)



Spray Drying Process

1 Pre-heating / Evaporation

Milk is pre-heated and partially evaporated to 30% dry matter. Fed 

into spray dryer at 80°C.

2 Drying Chamber

Inlet temperature set to 180°C. Hot air rapidly evaporates water 

from milk droplets.

3 Outlet Temperature

Maintained between 72°C and 140°C to avoid Maillard reactions.

4 Final Drying

Water activity (aW) adjusted to 0.2–0.3 for stability and inhibition of 

microbial growth.



Water Activity (aW) in Milk 
Products

Product Water Activity (aW) Stability Implications

Fresh Milk aW ≈ 0.98 High moisture 

content; prone to 

spoilage

Fresh Milk Powder aW = 0.20–0.30 Microbiologically 

stable; long shelf life

Store-Bought Powder aW = 0.20–0.30 Consistent drying 

ensures stability

Low aW values prevent microbial growth and enzymatic activity, making 

powdered milk shelf-stable for up to 2 years when stored properly.



Shelf Life of Spray-Dried 
Milk Powder

Unopened Shelf Life

18–24 months when stored 

in airtight packaging at room 

temperature.

Opened Shelf Life

3–6 months when stored in a 

cool, dry place.

Storage Conditions

Protect from moisture, heat, and light to prevent clumping or off-

flavors.



Advantages of Spray Drying

Long Shelf Life

Reduces water content to 

inhibit microbial growth, 

ensuring extended storage 

without refrigeration.

Nutritional Value

Retains most nutrients, 

including proteins, vitamins, 

and minerals.

Convenience

Lightweight powder is easy 

to transport and store 

compared to liquid milk.

Versatility

Can be reconstituted or 

used as an ingredient in 

various food products.



Challenges of Spray Drying

Energy Consumption

High temperatures required for 

evaporation make spray drying 

energy-intensive.

Cost

Equipment investment and 

operational costs are higher 

compared to other drying methods.

Risk of Overheating

Improper control of outlet 

temperatures can lead to Maillard 

reactions, affecting flavor and 

color.



Energy Consumption in Spray Drying

3-5kg
Steam per kg Water

Used in pre-heating and evaporation 

stages.

180°C
Inlet Temperature

High heat input required for drying 

chamber.

4-6kWh
Energy per kg

Total energy use per kg of dried 

product on industrial scales.



Sensory Properties of Milk 
Powder

Attribute Fresh Milk Powder Store-Bought 

Powder

Color Pale white Uniform pale white

Smell Mild dairy aroma Slightly stronger 

aroma

Taste Creamy with mild 

sweetness

Consistent flavor

Texture Fine, smooth 

powder

Fine, smooth 

powder



Energy Efficiency Improvements

Pre-concentration

Using multi-effect evaporators before spray drying reduces water 

content, lowering energy demands.

Optimized Airflow

Adjusting airflow rates ensures efficient heat transfer and minimizes 

energy waste.

Continuous Operation

Operating at maximum capacity reduces relative energy consumption 

per unit of product.

Innovative Technologies

Newer systems incorporate heat recovery units or use renewable 

energy sources for heating.



Benefits of Spray-Dried Milk Powder

1 Extended Shelf Life

2 Nutritional Preservation

3 Convenience in Storage

4 Versatility in Use

5 Cost-Effective Transportation

Spray drying offers numerous advantages, making milk powder a valuable product in the food industry.



Future of Spray Drying 
Technology

1 Advanced Process 
Control

Implementing AI and 

machine learning for 

optimized drying 

parameters.

2 Sustainable Energy 
Sources

Integrating renewable 

energy to reduce carbon 

footprint.

3 Novel Drying 
Techniques

Exploring hybrid systems 

combining spray drying 

with other methods.

4 Improved Product 
Formulations

Developing new additives 

to enhance powder 

properties and stability.



Global Impact of Milk Powder

International Trade

Milk powder is a significant commodity 

in global dairy trade.

Nutrition Access

Provides essential nutrients in areas 

with limited fresh milk availability.

Industrial Applications

Widely used in food production, from 

bakeries to infant formula.



Conclusion
Spray drying efficiently produces stable milk powders with long shelf lives while retaining nutritional value. Despite energy

demands, technological advancements are improving sustainability.

1
Quality Assurance

Consistent production of high-quality powders.

2
Technological Progress

Continuous improvements in efficiency and sustainability.

3

Global Significance

Meeting worldwide demand for shelf-stable dairy 

products.


